Microsporidia are obligate intracellular protozoal parasites. They are eukaryotic and spore forming. Increasing interest in this parasite as a pathogen in the ocular tissues in recent times is due to increasing awareness of microsporidia as an ocular pathogen and better methods of identification of the organism. It also can cause intestinal, sinus, pulmonary, muscular and renal diseases, in both immunocompetent and immunosuppressed patients. Ocular microsporidiosis can occur in isolation or as a part of systemic infections. In earlier published literature, ocular involvement in immunocompetent individuals was more in the form of stromal keratitis and immunocompromised individuals were seen to have keratoconjunctivitis. However, later studies show that this pattern has many variations. Occurrence in rainy season with exposure to muddy water and history of minor trauma is now a known factor. Identification by light microscopy from scrapings with KOH, Gram, Giemsa staining is possible. Growth of the organisms, however, is possible only by cell culture. Species identification is done by polymerase chain reaction and by electron microscopy. Immunofluorescent staining techniques are also available in advanced laboratories for species differentiation of microsporidia. Till date, treatment of ocular microsporidia has not been standardized and varies from simple debridement to use of various antibiotics, antiseptics antifungals and antiviral agents.
Introduction
Microsporidia are eukaryotic obligate intracellular parasitic organisms which are included as protozoans. The discovery of Microsporidia as pathogens in vertebrates and invertebrates was more than 100 years ago by Nageli who identified it as being causative organisms of a disease in silkworms [1] . Immunocompetent individuals can harbor microsporidia in their intestines as a part of normal flora [2] . Infection by microsporidia in humans was first reported by Matsubayashi et al. [3] in 1959. Ocular microsporidiosis was first reported by Ashton and Wirashinha in 1973 as encephalitozoan infection of cornea by Nosema sps. [4] . Earlier interest in these pathogens was due to their being opportunistic pathogens in immunocompromised patients and ocular involvement in the form of keratoconjunctivitis was also reported in these patients [5] . Recent reports in literature have been more often in immunocompetent individuals [6] [7] . The ocular manifestations include superficial punctate keratoconjunctivitis, and corneal stromal keratitis. The aim of this review is to focus on the epidemiology, pathogenesis, clinical manifestations, diagnosis and management of ocular microsporidiosis.
Epidemiology
Microsporidial infections occur in humans worldwide. It is identified now as a zoonotic disease as the genotypes that infect humans have been identified in animals [8] . It is also known have water borne transmission [9] and food borne transmission as a result of contaminated water used in irrigation [10] . Dairy cows' milk was also shown to be a mode of transmission of infection [11] . In areas with low socioeconomic conditions and poor sanitation, association with HIV infection is also common [12] [13] . Ocular infection occurs in immunocompetent and in immunocompromised individuals. Mode of transmission may be contact with contaminated water and soil after minor trauma. Occurrence in rainy season is common with minor epidemics being reported [14] . One of the earliest case reports of ocular involvement in humans was in a 11-year old boy who had stromal keratitis caused by microsporidia. 
Parasitology
Microsporidia are obligate, intracellular parasites. They have two developmental phases inside a host cell: schizogenic phase also called the feeding phase and the sporulation or sporogenic phase. The size of microsporidian spores varies from 1 µm to 20 µm. Spores can be spherical, oval or elongate. Each spore consists of sporoplasm and a tubular, polar filament with varying number of coils, depending on the species [15] .
The infection is by direct inoculation where a polar filament is discharged into the host cell and a sporoplasm is introduced. The sporoplasm multiplies inside the host cell and develops into meronts (schizonts) and sporonts. Each sporont divides to form two sporoblasts, which, in turn, develop into spores at maturation [15] . Spores may disseminate from cell to cell inside the host or can be excreted via the skin or urine. Urine to finger to eye transmission may be responsible for horizontal spread in humans [16] [17] .
The only stage of microsporidia outside the host cell is that of infective spores. There are two distinct phases in the development of microsporidia: a proliferative phase (merogony) responsible for a massive increase in number inside the host cell and a sporogonic phase (sporogony), in which sporonts produce sporoblasts which mature into spores Taxonomically, the microsporidia were grouped and classified on the basis of their natural hosts and ultrastructural features such as size of the developing and mature organisms, nucleus arrangement (monokaryon or diplokaryon), number of polar filament coils, interface with the host cell during development (e.g., direct contact with host cell cytoplasm, replication within a host-cell derived parasitophorous vacuole, replication of organisms surrounded by endoplasmic reticulum, sporogony within a parasite-generated sporophorous vesicle), and mode of cell and nuclear division (binary division, karyokinesis with delayed cytokinesis) [15] .
Genus and Species Specific Characteristics
There are seven genera that infect humans. These parasites can be distinguished by their developmental cycle and host-parasite relationships in infected cells.
Encephalitozoon
Encephalitozoon cuniculi are unikaryotic. They develop within host cells in vacuoles bounded by a membrane that is thought to be of host cell origin. The spores are ellipsoid and measure approximately 2.5 × 1.5 mm They have a corrugated exospore surface, a thick endospore, four to seven (usually five or six) coils of the polar tubules, and often a polar vacuole [1] [18].
Nosema
Some of the structures lie in cysts bounded by membranes, but most of the parasites are in direct contact with the cytoplasm. There is no vacuole present. Spores are oval, measuring approximately 2.5 -5 mm × 2 mm. Nuclei in the diplokaryon arrangement are seen in all forms. There is diplosporoblastic sporogony. The polar tube has about 11 coils [1] [18].
Pleistophora
Organisms resembling microsporidia of the genus Pleistophora have been recognized in one human patient. The spores were oval, approximately 2.8 × 3.2 -3.4 mm. Not all developmental stages were seen. Unkaryotic with sporophorous vesicle. The spore wall is typical for many microsporidia, having a thin electron-dense exospore layer, a thick electron-lucent endospore, and a thin internal plasmalemma. Approximately 11 cross sections of the polar tubule were recognized in spores [1] [18].
Vittaform Cornea
Spores measure 3.05 -4.55 × 0.77 -1.27 mm. It is diplokaryotic. There is no vacuole in direct contact with host cell cytoplasm. Band like sporonts are seen. All stages are surrounded by a cistern of host endoplasmic reticulum [1] [18].
Enterocytozoon
Enterocytozoon bienusi is the microsporidian parasite most commonly recognized in humans and, so far, has been detected only in enterocytes. All stages are seen in direct contact with the host cell cytoplasm. Early developmental stages may have diplokaryotic nuclei but later stages display isolated nuclei. The parasites are small, approximately 2 to 4 mm in diameter, and have a simple plasma membrane during the early stages of division.
Spores are approximately 1.1 -1.6 × 0.7 -1.0 mm in tissue section and differ from other microsporidia by having a very thin endospore layer [1] [18] .
The other two genera are Trachipleistophora and Anncaliia (Brachiola) [18] . Classification of microsporidia in humans has depended on transmission electron microscopy (TEM) [19] . The presence of a polar tubule classifies an organism as a member of the phylum Microspora. Species differentiation using ultrastructural examinations is usually possible.
The fine structure of the spores with the unique coiled polar tube, the nature of host-parasite interface, and the method of division are criteria for diagnosis and species differentiation of microsporidia [18] .
Non Ocular Presentation
Microsporidia can cause a variety of human diseases, involving multiple organ systems which include intestinal, ocular, sinus, pulmonary, muscular and renal diseases, in both immunocompetent as well as immunocompromised patients [20] . A case report of a Japanese boy with severe headache, vomiting and seizures in whom microsporidia was isolated by inoculation of mouse with his cerebrospinal fluid and urine was published in 1959 [21] . After this case report, many years ellapsed before a similar case was reported [18] .
E. bieneusi and E. intestinalis are common pathogens in HIV infected patients with severe immunodeficiency and low CD 4 counts [22] . Enterocytozoon bieneusi and Encephalitozoon intestinalis have also been associated with cholangitis including sclerosing cholangitis [23] . Hepatitis and peritonitis may also be caused by microsporidia [18] .
Ocular Manifestations
Keratitis in a Sri Lankan boy was reported in 1973 [4] by Ashton and Wirashinha in the British Journal of Ophthalmology which was histopathologically proven as microsporidiosis. Initial reports of microsporidiosis were in HIV positive patients. Cases of related cases of keratoconjunctivitis typically described the lesions as coarse, punctate epithelial lesions which may stain positive with fluorescein dye. Organism found in conjunctiva and cornea was Encephalitozoon hellem [24] [25] . In a case series from New York, keratoconjunctivitis in HIV positive individuals revealed Encephalitozoon cuniculi spores on conjunctival biopsy [26] , In HIV positive patients, chronic keratoconjunctivitis has been more commonly found, whereas both deep stromal keratitis and keratoconjunctivitis have been described in immunocompetent individuals [27] - [29] . Contact lenses may harbor the organisms and cause corneal infections. In a case series, of microsporidial keratitis reported from Singapore, 20.1% (25 out of 124) had a history of contact lens wear [30] .
Domestic animals such as cats may harbor the organism and close contact with them may cause ocular infection [24] . Use of topical corticosteroids can also predispose to superadded infection with microsporidia. Infection after corneal grafting has been reported due to local immunosuppression with corticosteroids [31] .
Exposure to muddy water, especially in rainy season has been reported as a predisposing factor in causing an outbreak in Singapore [32] .
Spectrum of Ocular Microsporidiosis
Deep stromal keratitis and superficial punctate keratopathy are the main manifestations in the cornea. Conjunctival involvement may occur along with the keratitis. Keratoconjunctivits mimicking adenoviral keratoconjunctivitis may occur especially in the rainy season. A mixed follicular and papillary reaction may occur in the conjunctiva. Sclera and uvea may also be involved.
In cases of keratoconjunctivitis, the presenting symptoms are photophobia, blurred vision, and foreign body sensation. Conjunctiva usually is chemosed, with decreased luster. The corneal involvement is in the form of superficial punctate keratopathy with coarse fluorescein staining and non-staining epithelial opacities. The lesions are limited to the level of the epithelium and can be debrided.
Several case series describing keratoconjunctivits in immunosuppressed and in later publications, immunocompetent patients have been published in the last two decades [26] - [32] .
Our Experience of Keratoconjunctivitis
Between August 2013 to March 2014 25 cases of microsporidiosis were seen in our opd. All patients had history of exposure to rain water or to muddy water. A family of seven patients had exposure to water from their overhead tank and presented with a similar picture of conjunctival congestion, chemosis raised epithelial lesions and some target shaped epithelial lesions (Figure 1 and Figure 2) . Corneal scraping in all the patients was done and stained with Gram stain.
Spores of microsporidia were detected in all the specimens. Most of the patients who were clinically suspected to have microsporidial keratitis in our opd were subjected to corneal scraping. All the specimens were either stained with Gram stain or with Geimsa stain (Figure 3) . All the specimens were showed spores of microsporidia.
Patient responded to topical fluoroquinolones and oral albendazole 400 mg once daily for seven days. Three patients also showed signs of anterior uveitis on follow up with nummular corneal opacities and had to be given a short course of topical steroids.
Stromal Keratitis
Stromal keratitis due to microsporidia is rarer than superficial keratoconjunctivitis. It occurs mainly in immunocompetent patients. Stromal keratitis due to microsporidia can be mistaken for Herpes Simplex virus keratitis. A case report of a patient who had dense greyish white stromal infiltrates in the cornea which had a crystalline keratopathy-like pattern and was treated initially as Herpes simplex virus stromal keratitis was reported by Font et al. [33] . Corneal biopsy showed microsporidial keratitis. Since there was no improvement with oral albendazole and topical fumagillin even after 6 weeks, lamellar keratoplasty and later penetrating keratoplasty (PK) was done. The organism was identified as Nosema corneum (renamed Vittaforma corneae).
In our experience, a 70 year old gentleman presented with a diagnosis of chronic endophthalmitis in his right eye, having undergone cataract surgery and trabeculectomy elsewhere. He had perception of light with inaccurate projection in that eye. Cornea showed 2 × 3 mm area of crystalline infiltrates in the stroma near the temporal cataract surgery wound, (Figure 4) . Corneal scraping did not reveal any organisms. He was empirically treated with fortified cefazoline and fortified amikacin, suspecting atypical mycobacterial infection. Vitritis was seen on ultrasound B scan and he was given intravitreal injections of ceftazidime. Vitreous biopsy did not show any organism. Topical and systemic steroids were added to the treatment regimen as the patient developed more inflammation in the posterior segment and the eye was now painful. Decision was made to eviscerate the right eye as the corneal and posterior segment condition worsened with no visual prognosis. Corneal button on histopathology showed plenty of microsporidial spores (Figure 5) . The species identification was not done. This was a case of crystalline keratopathy due to microsporidia which was not clinically diagnosed and was negative on scraping. Associated posterior segment inflammation was also a feature.
Another case report of stromal keratitis mistakenly diagnosed as viral keratitis in an 82-year-old patient was reported by Fogla et al. [34] . Initially the peripheral mid stromal infiltrates seemingly resolved with acyclovir and topical prednisolone acetate. The lesion recurred a month later as a full thickness stromal infiltrate. therapeutic penetrating keratoplasty was performed and the histopathology of the corneal button showed microsporidia spores.
Cellular reaction in the anterior chamber is common but posterior segment involvement from microsporidial infection rare. Meitz et al. [35] have reported a case of sclerouveitis with retinal detachment. There was no corneal infiltrate in the sixty six year old woman who had progressive loss of vision. There were keratic precipitates in the cornea. Diagnostic vitrectomy revealed infection with microsporidia; she was treated with oral albendazole 400 mg twice daily. Endophthalmitis due to microsporidia was also reported in a patient with acute myelogenous leukemia [36] .
Diagnostic Methods

Non Invasive Techniques
Clinically diagnosis of microsporidia has been done in cases of keratoconjunctivitis based on history of exposure to muddy water especially in the rainy season and the presence of coarse epithelial lesions along with conjunctival chemosis and follicular and papillary reaction. Stromal keratitis however may be more difficult to distinguish from Herpes simplex stromal keratitis clinically. When the infiltrate does not respond to topical antivirals and steroids, then resort has to be made to other means like confocal microscopy and corneal biopsy. Sometimes therapeutic penetrating or lamellar keratoplasty and histopathology may be the only means of diagnosis.
Confocal Microscopy
Hyperreflective spots seen on confocal microscopy in keratoconjunctivitis due to microsporidia have been reported and the diagnosis later confirmed by corneal scraping [37] . In stromal keratitis also confocal microscopy has been useful to detect microsporidia and the diagnosis has been later confirmed by biopsy [38] . Confocal microscopy, thus may be a simple and non-invasive technique to detect the organism in deep seated infections and to monitor the effectiveness of treatment.
Microbiological Diagnosis
Corneal and conjunctival scraping can be effective in diagnosis. Various staining methods have been used. 10% KOH mount (potassium hydroxide) plain or with calcofluor white.
Laboratory Diagnosis
Identification by light microscopy from scrapings with KOH, KOH+CFW (potassium hydroxide plus calcofluor white), Gram, Giemsa and modified Ziehl-Neelsen (1% H 2 SO 4 cold) staining is possible. KOH + CFW staining is observed under a fluorescence microscope with cube U having filter combinations for the excitation spectrum region near 365 nm for a DAPI (4', 6'-diamidino-2-phenylindole) stain. In various studies, the KOH + CFW stain along with the modified Ziehl-Neelsen stain most frequently detected microsporidia, followed by the Gram stain, while Giemsa staining had the least detection efficacy among the four. KOH + CFW and acid-fast stains were to be most efficient ( Microsporidal spores as observed under various stains on corneal scrapings. a) KOH + CFW stain (magnification, ×1000). Organisms were seen as bright turquoise to white oval bodies, often clustered in groups, against a relatively dark background. The spores displayed variable fluorescence intensities. Depending on the orientation of the microsporidia, the anterior end appeared concave. b) Gram stain (magnification, ×1000). Spores appeared ovoid and refractile and bright purple, resembling gram-positive organisms. The spores were scattered or highly clustered within the cytoplasm of occasional epithelial cells. Microsporidial spores show a dark staining belt girding them either diagonally or equatorially. c) Giemsa stain (magnification, ×1000). This stain is not taken up by the cell wall, and only the cytoplasm gets stained. The spores appear smaller than those in the other stains.
There was also poor differentiation from other bacteria and debris. The darkly stained belt could be identified in 18/30 cases, aiding preliminary diagnosis. d) Modified Ziehl-Neelsen stain (magnification, ×1000). Except for two, all cases of microsporidial spores were acid fast (1% H 2 SO 4 ). The acid-fast spores appeared bright red on a blue background, and a posterior vacuole and central diagonal strip within the spores were often visible. Bacteria and other cell debris appeared blue, owing to methylene blue counterstain.
Growth of the organisms, however, is possible only by cell culture. Species identification is done by polymerase chain reaction and by electron microscopy. Immunofluorescent staining techniques are also available in advanced laboratories for species differentiation of microsporidia.
